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(54) Multi-plane translating cartridge handling system 



(57) A cartridge handling system (12) for storing 
and accessing at least one data cartridge (14) may 
comprise a frame (26) having a first cartridge access 
side (20) and a second cartridge access side (22). A 
guide member (32) associated with the frame (26) 
includes a first section (58) located adjacent the first 
cartridge access side (20) of the frame (26) and a sec- 
ond section (60) located adjacent the second cartridge 
access side (22) of the frame (26). The first and second 
guide sections (58, 60) of the guide member (32) are 
connected together so that the guide member (32) com- 
prises a substantially continuous member. A cartridge 
access device (36) having a cartridge access end (80) 



engages the guide member (32) so that the cartridge 
access end (80) is adjacent the first cartridge access 
side (20) when the cartridge access device (36) is 
located on the first section (58) of the guide member 
(32) and so that the cartridge access end (80) is adja- 
cent the second cartridge access side (22) when the 
cartridge access device (36) is located on the second 
section (60) of the guide member (32). An actuator sys- 
tem (42) operatively associated with the cartridge 
access device (36) moves the cartridge access device 
(36) along the guide member (32). 
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Description 

Field of Invention 

[0001 ] This invention relates generally to data storage 
systems for handling and storing data cartridges, such 
as optical disk or magnetic tape cartridges, and more 
specifically to high density data storage systems having 
increased data storage capacity. 

Packgrpund 

[0002] Many different types of data storage and han- 
dling systems exist and are being used to store data 
cartridges at known locations and to retrieve desired 
cartridges so that data may be written to or read from 
the data cartridges. Such data storage and handling 
systems are often referred to as "juke box* 1 data storage 
systems, particulary rf they can accommodate a large 
number of individual data cartridges. 
[0003] A typical juke box data storage system may 
include one or more different types of cartridge receiv- 
ing devices for holding the various data cartridges. For 
example, one type of cartridge receiving device may 
comprise a cartridge storage rack or "magazine" while 
another type of cartridge receiving device may comprise 
a cartridge read/write device. The cartridge storage 
racks or magazines serve to provide storage locations 
for the data cartridges and are commonly arranged so 
that they form one or more vertical stacks. The cartridge 
read/write device may be located adjacent the cartridge 
stack, although the cartridge read/write device may be 
positioned at any convenient location. The data storage 
system may also be provided with a cartridge access 
device for accessing the various data cartridges con- 
tained in the cartridge receiving devices and a position- 
ing device for moving the cartridge access device 
among the cartridge receiving devices. 
[0004] If a host computer system issues a request for 
data contained on a particular data cartridge, a control 
system associated with the data storage system actu- 
ates the positioning system to move the cartridge 
access device along the cartridge storage rack until the 
cartridge access device is positioned adjacent the 
desired data cartridge. The cartridge access device 
then removes the data cartridge from the cartridge stor- 
age rack and carries it to the cartridge read/write device. 
The cartridge access device inserts the selected data 
cartridge into the cartridge read/write device so that the 
host computer may thereafter read data from or write 
data to the data cartridge. After the read/write operation 
is complete, the cartridge access device may remove 
the data cartridge from the read/write device and return 
it to the appropriate location in the cartridge storage 
rack. 

[0005] While data storage systems of the type 
described above work well and are currently being 
used, the continuing need to store ever increasing num- 



bers of data cartridges can place significant limitations 
on the data storage system. For example, in data stor- 
age systems of the type described above, the data car- 
tridges may be stored in one or more vertical columns 

5 stacks which define a single cartridge access plane. 
While the data storage capacity of such a system may 
be increased by increasing the number of data car- 
tridges stored in the vertical columns, there is a limit to 
the maximum number of data cartridges that can be 

to stored in a given column. That is, the higher the column 
(i.e., the more data cartridges that are stored in the col- 
umn), the longer it takes the data access device to 
access a given data cartridge, particularly rf the car- 
tridge is located at the extreme ends of the column. 

75 While more columns of shorter heights may be pro- 
vided, this comes at the expense and difficulty of provid- 
ing a positioning system capable of moving the 
cartridge access device vertically along a given column 
or stack as well as horizontally along the various rows of 

20 storage columns. 

[0006] Partly in an effort to avoid the foregoing prob- 
lems, data storage systems have been developed that 
store the data cartridges in two separate stacks or col- 
umns that define two separate cartridge access planes. 

25 For example, the data cartridges may be arranged in a 
pair of columns positioned on opposite sides of the car- 
tridge access device. If this arrangement is used, it is 
necessary to provide the cartridge access device with a 
"pass-through" cartridge engaging assembly or picker 

30 that is capable of accessing the data cartridges stored 
in both stacks. Alternatively, such systems have been 
provided with "flipping" or rotating picker systems to 
access the data cartridges stored in both stacks. 
[0007] While the "multi-plane" data storage systems of 

35 the type described above are currently being used, the 
pass-through, flipping, or rotating picker assemblies are 
relatively complex and expensive to manufacture. Such 
picker assemblies also tend to suffer from decreased 
reliability, primarily as a result of the relatively complex 

40 mechanical structure associated with such picker 
assemblies. 

[0008] Another type of data storage system achieves 
the increased storage capacity associated with "multi- 
plane" data storage systems described above by 

45 arranging the data cartridges on a rotating magazine 
stack. While the rotating magazine stack usually does 
away with the need to provide a pass-through, flipping, 
or rotating picker, the mechanical complexity of the data 
storage system is usually just transferred from the 

so picker to the rotating magazine stack. Consequently, 
data storage systems utilizing rotating magazine stacks 
often do not provide any significant advantages over 
"multi-plane" data storage systems that utilize pass- 
through, flipping, or rotating pickers. 

55 [0009] Another problem associated with data storage 
systems of the type described above relates to the posi- 
tioning system used to move the cartridge access 
device along the array of data cartridges. One type of 
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positioning system, often referred to as a lead-screw*' 
system, mounts the cartridge access device on a lead- 
screw, which when turned, moves the cartridge access 
device up and down the array of cartridges. Unfortu- 
nately, the cantilever mounting arrangement that is often 5 
used to mount the cartridge access device on the lead- 
screw allows excessive transverse or rotational move- 
ment of the cartridge access device which tends to 
reduce positional accuracy and may make it difficult for 
the cartridge access device to engage the desired data 
cartridge. 

[0010] One way to increase the stability of the car- 
tridge access device, thus positional accuracy, of such a 
lead-screw positioning system is to use rigid guide rails 
to provide additional support to the cartridge access 
device. Disadvantageous^, the guide rails usually com- 
prise precision machined components which adds to 
the overall cost of the data storage system. Further, 
such guide rail assemblies are often difficult to align, 
and may become mis-aligned during subsequent ship- 
ping or movement of the data storage system, thereby 
requiring the positioning system to be re-aligned and re- 
calibrated before the data storage device can be placed 
in operation. 

[001 1 ] Consequently, a need remains for a data stor- 
age device having increased storage capacity but with- 
out the need for a pass-through, flipping, or rotating 
picker to access the data cartridges and without the 
need to resort to a moving or rotating cartridge maga- 
zine stack. Ideally, such a data storage system would 
provide for increased positional accuracy to reduce 
errors due to misalignment of the cartridge access 
device but without the need for precision machined 
guide raits. Still other advantages could be realized if 
the data storage system reduced the time required for 
initial alignment and calibration and provided increased 
immunity to subsequent misalignment, such as may 
occur during shipping or from rough handling. 

Summary of the invention 

[0012] A cartridge handling system for storing and 
accessing at least one data cartridge may comprise a 
frame having a first cartridge access side and a second 
cartridge access side. A guide member associated with 
the frame includes a first elongate section located adja- 
cent the first cartridge access side of the frame and a 
second elongate section located adjacent the second 
cartridge access side of the frame. The first and second 
elongate guide sections of the guide member are con- 
nected together so that the guide member comprises a 
substantially continuous member. A cartridge access 
device having a cartridge access end engages the 
guide member so that the cartridge access end is adja- 
cent the first cartridge access side when the cartridge 
access device is located on the first elongate section of 
the guide member and so that the cartridge access end 
is adjacent the second cartridge access side when the 



cartridge access device is located on the second elon- 
gate section of the guide member. An actuator system 
operatively associated with the cartridge access device 
moves the cartridge access device along the guide 
member. 

[0013] Also disclosed is a data storage system that 
comprises a frame having a first cartridge access side 
and a second cartridge access side. A first cartridge 
receiving device is positioned adjacent the first car- 
tridge access side of the frame and is adapted to hold at 
least one data cartridge. A second cartridge receiving 
device is positioned adjacent the second cartridge 
access side of the frame and is also adapted to hold at 
least one data cartridge. A guide member associated 
with the frame includes a first elongate section located 
adjacent the first cartridge access side of the frame and 
a second elongate section located adjacent the second 
cartridge access side of the frame. The first and second 
elongate sections of the guide member are connected 
together so that the guide member comprises a sub- 
stantially continuous member. A cartridge access 
device having a cartridge access end engages the 
guide member so that the cartridge access end faces 
the first cartridge receiving device when the cartridge 
access device is located on the first elongate section of 
the guide member and faces the second cartridge 
receiving device when the cartridge access device is 
located on the second elongate section of the guide 
member. An actuator system operatively associated 
with the cartridge access device moves the cartridge 
access device along the guide member. 

Brief Description of the Drawing 

[0014] Illustrative and presently preferred embodi- 
ments of the invention are shown in the accompanying 
drawing in which: 

Figure 1 is a plan view of a data storage system 
according to the present invention showing the car- 
tridge access device in various positions; 
Figure 2 is a perspective view of the cartridge han- 
dling system that may be used in the data storage 
system shown in Figure 1 ; 
Figure 3 is a side view in elevation of the frame 
assembly showing the upper and lower plates and 
corresponding upper and lower guide channels and 
gear racks; 

Figure 4 is a plan view of the lower plate of the 
frame assembly showing the lower U-shaped guide 
member and lower U-shaped gear rack; 
Figure 5 is a perspective view of a cartridge access 
device showing the pinion drive system for moving 
the cartridge access device along the upper and 
lower guide members; 

Figure 6 is an enlarged side view in elevation of the 
actuator system and lower bearing and wheel 
assembly of the cartridge access device; and 
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Figure 7 is an enlarged end view in elevation of the 
actuator system and lower bearing and wheel 
assembly of the cartridge access device. 

Detailed Description of the Invention 

[0015] A data storage system 10 according to the 
present invention is shown in Figure 1 and may include 
a cartridge handling system 12 for transferring data car- 
tridges 14 between one or more cartridge receiving 
devices, such as one or more cartridge storage racks or 
magazines 16 and one or more cartridge read/write 
devices 18. The various cartridge receiving devices 
(e.g., the cartridge storage racks or magazines 16 and 
the cartridge read/write devices 18) may be positioned 
at various locations around the cartridge handling sys- 
tem 12 so that they def ine the generally U-shaped con- 
figuration shown in Figure 1. Accordingly, the data 
cartridges 14 may be accessed from three (3) cartridge 
access planes 41 , 43, and 45. 
[001 6] The cartridge handling system 1 2 is best seen 
in Figure 2 and may comprise a frame assembly 26 
which includes a lower or base plate 28 and an upper or 
top plate 30 that are held in generally parallel, spaced- 
apart relation by a support structure 72. The frame 
assembly 26 of the cartridge handling system 12 may 
define a first cartridge access side 20, a second car- 
tridge access side 22, and a third cartridge access side 
24. The first and third cartridge access sides 20 and 24 
may be positioned in generally spaced-apart relation, 
whereas the second cartridge access side 22 may be 
oriented generally transverse to the first and third car- 
tridge access sides 20 and 24. The various cartridge 
receiving devices may be positioned around the car- 
tridge handling system 12 so that the cartridge access 
planes 41 , 43, and 46 defined by the cartridge receiving 
devices are located adjacent the three cartridge access 
sides 20, 22, and 24. 

[0017] The lower plate 28 of frame assembly 26 may 
include a lower U-shaped guide member or channel 32 
that forms a substantially continuous member along the 
first, second, and third cartridge access sides 20, 22, 
and 24 of the frame assembly 26. Similarly, the upper 
plate 30 may include an upper U-shaped guide member 
or channel 34 (Figure 3) that also forms a substantially 
continuous member along the first, second, and third 
cartridge access sides 20, 22, and 24 of the frame 
assembly 26. 

[0018] The cartridge handling system 12 may also 
include a cartridge access device 36 capable of loading 
and retrieving the data cartridges 14 from the cartridge 
receiving devices (e.g., cartridge storage racks 16 and 
the cartridge read/write devices 18). The cartridge 
access device 36 engages the upper and lower U- 
shaped guide members or channels 32, 34 in the 
respective lower and upper plates 28 and 30, and is 
thus guided by the lower and upper guide members 32 
and 34 along the first, second, and third cartridge 



access sides 20, 22, and 24. That is, the cartridge 
engaging assembly 36 moves along a generally U- 
shaped path 40. For example, the cartridge access 
device 36 may be moved between a first position 38 

5 adjacent the first access side 20 of frame assembly 26, 
a second position 38' adjacent the second access side 
22, and a third position 38" adjacent the third access 
side 24, as best seen in Figure 1 . Of course, the car- 
tridge access device 36 may also be moved from a posi- 

10 tion adjacent the third cartridge access side 24 to 
positions adjacent either the second cartridge access 
side 22 or the first cartridge access side 20. 
[001 9] The cartridge access device 36 is moved along 
the lower and upper guide members 32 and 34 (i.e., fol- 

15 lowing the U-shaped path 40) by an actuator system 42, 
as best seen in Figures 6 and 7. In one preferred 
embodiment, the actuator system 42 may comprise a 
rack and pinion drive system having a substantially con- 
tinuous lower gear rack 44 provided on the lower plate 

20 28 at a position adjacent the lower U-shaped guide 
member or channel 32. Accordingly, the lower gear rack 
44 defines a substantially continuous, U-shaped mem- 
ber. An upper gear rack 46 may be provided on the 
upper plate 30 at a position adjacent the upper U- 

25 shaped guide member or channel 34. The upper gear 
rack 46 also defines a substantially continuous, U- 
shaped member. Lower and upper drive pinions 48 and 
50 (Figure 5) mounted to the cartridge access device 36 
engage the respective lower and upper gear racks 44 

30 and 46. A pinion drive assembly 52 mounted to the car- 
tridge access device 36 rotates the lower and upper pin- 
ion gears 48 and 50, thereby moving the cartridge 
access device 36 back and fourth along the lower and 
upper guide members 32, 34, following the U-shaped 

35 path 40. See Figure 1 . 

[0020] In operation, the data storage system 10 
according to the present invention may be used to trans- 
fer a plurality of data cartridges 14 between the various 
cartridge receiving devices (e.g., cartridge storage 

40 racks or magazines 16 and the cartridge read/write 
devices 18) positioned adjacent the first, second, and 
third cartridge access sides 20, 22, and 24. For exam- 
ple, the data storage system 10 may be used by a host 
computer system (not shown) or other data processing 

45 system to store and access data contained in the data 
cartridges 14. If the host computer system (not shown) 
issues a request for data stored on a particular data car- 
tridge 14, a control system (not shown) associated with 
the data storage system 10 operates the actuator sys- 

50 tern 42 on the cartridge access device 36 as necessary 
to move the cartridge access device 36 along the U- 
shaped path 40 until the cartridge access device 36 is 
located adjacent the appropriate data cartridge 14. 
[0021] Consider, for example, an initial condition 

55 wherein the desired data cartridge 14 is stored in one of 
the cartridge storage racks or magazines 16. Upon 
receiving a request for the data cartridge 14 from the 
host computer system (not shown), the control system 
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(not shown) operates the actuator system 42 to move 
the cartridge access device 36 along the U-shaped path 
40 until the cartridge access device 36 is adjacent the 
selected data cartridge 14 in the storage rack 16. A car- 
tridge engaging device or "picker" {not shown) associ- 5 
ated with the cartridge access device 36 then engages 
the data cartridge 14 and draws it into the cartridge 
access device 36. The actuator system 42 then actu- 
ates the pinion drive assembly 52 as necessary to move 
the cartridge access device 36 to a desired cartridge 10 
read/write device 1 8. Once properly positioned adjacent 
the desired cartridge read/write device 18, the cartridge 
engaging assembly or picker (not shewn) associated 
with the cartridge access device 36 loads the data car- 
tridge 14 into the cartridge read/write device 18. The 15 
host computer system (not shown) may then access the 
data on the data cartridge 14 in the conventional man- 
ner. 

[0022] When the data cartridge 14 is no longer 
needed, the control system (not shown) may operate 20 
the actuator system 42 to move the cartridge access 
device 36 along the U-shaped path 40 until the cartridge 
access device 36 is again located at a position adjacent 
the cartridge read/write device 18 (if the cartridge 
access device 36 is not already located in the appropri- 25 
ate position). Thereafter, the cartridge engaging assem- 
bly or picker (not shown) may retrieve the data cartridge 
14 from the cartridge read/write device 18. The car- 
tridge access device 36 may then return the data car- 
tridge 14 to its appropriate location in the cartridge 30 
storage racks or magazines 16. 
[0023] A significant advantage of the data storage 
system 10 according to the present invention is that it 
provides access to two or more planes (e.g., planes 41 , 
43, and 45) defined by cartridge receiving devices (e.g., 35 
cartridge storage racks or magazines 16 and/or car- 
tridge read/write devices 18), but without the need to 
resort to "pass-through," "flipping," or "rotating" type 
cartridge engaging or "picker" devices, which are 
mechanically complex and may be expensive and unre- 40 
liable. The data storage system 1 0 also provides access 
to two or more planes (e.g., 41 , 43, and 45) of cartridge 
receiving devices, but without the need to use moving or 
rotating cartridge magazine stacks. Accordingly, the 
present invention provides high cartridge (i.e., data stor- 45 
age) density, while at the same time substantially reduc- 
ing the mechanical complexity of the data storage 
system. Another advantage of the data storage system 
10 according to the present invention is that it provides 
for improved user access to the cartridge magazines by 50 
allowing the same to be loaded and removed from one 
side of the data storage system 10. 
[0024] Having briefly described the data storage sys- 
tem 10 according to the present invention, as well as 
some of its more significant features and advantages, 55 
the various embodiments of the data storage system 
will now be described in detail. However, before pro- 
ceeding with the detailed description, it should be noted 



that while the data storage system 10 is shown and 
described herein as it could be used to store and 
retrieve magnetic data cartridges 14 having a certain 
size and configuration (e.g., DLT or digital linear tape 
cartridges), it is not limited to any particular type of data 
cartridge. Indeed, the data storage system 1 0 according 
to the present invention could be used with any type of 
data storage device comprising any type of data storage 
medium (e.g., magnetic disk or tape, optical disk, etc.). 
Consequently, the present invention should not be 
regarded as limited to use with the particular type and 
style of data cartridge 14 shown and described herein. 
[0025] Referring back now to Figure 1, one embodi- 
ment 10 of the data storage system according to the 
present invention may comprise a main housing or 
chassis 54 configured to hold the various components 
of the data storage system 10. For example, in one pre- 
ferred embodiment, the main housing or chassis 54 may 
comprise a generally rectangularly shaped structure 
adapted to receive the cartridge handling system 12, 
one or more cartridge receiving devices, such as one or 
more cartridge storage racks or magazines 16 and one 
or more cartridge read/write devices 18. The housing or 
chassis 54 may also be adapted to receive any of a wide 
range of other components or devices (e.g., control sys- 
tems, power supplies, etc.) well-known in the art and 
that may be required or desired for the operation of the 
data storage system 10. The housing or chassis 54 may 
also be provided a cartridge magazine access end 56 to 
allow a user (not shown) to access the cartridge storage 
racks or magazines 16. An access door (not shown) 
may be provided on the access end 56 to provide 
access to the cartridge magazines 16. In one preferred 
embodiment, the housing or chassis 54 is sized to be 
received by a standard storage rack system (not 
shown), such as an EIA rack assembly available from 
Crenlo Corp. of Minnesota (USA), although this is not 
required. 

[0026] In one preferred embodiment, the cartridge 
handling system 12 may comprise a generally rectangu- 
larly shaped structure having a first cartridge access 
side 20, a second cartridge access side 22, and a third 
cartridge access side 24. As used herein, the term "car- 
tridge access side" refers to any side of the cartridge 
handling system 12 from which data cartridges 14 may 
be accessed, either from a cartridge storage rack or 
magazine 16 or a cartridge read/write device 18. 
[0027] The cartridge handling system 12 defines the 
general arrangement of the cartridge access planes 
associated with the cartridge receiving devices (e.g., 
the cartridge storage racks or magazines 16 and the 
cartridge read/write devices 18). That is, the cartridge 
receiving devices should be arranged around the car- 
tridge handling system 12 so that the cartridge access 
planes defined by the cartridge receiving devices are 
located at positions adjacent the cartridge access sides 
of the cartridge handling system 12. For example, in 
one preferred embodiment, the various cartridge receiv- 
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ing devices (e.g., the cartridge storage racks or maga- 
zines 16 and cartridge read/write devices 18) are 
arranged around the cartridge handling system 12 so 
that first cartridge access plane 41 is positioned adja- 
cent the first cartridge access side 20, the second car- 
tridge access plane 43 is positioned adjacent the 
second cartridge access side 22, and the third cartridge 
access plane 45 is positioned adjacent the third car- 
tridge access side 24. 

[0028] In accordance with the forgoing considerations, 
the various cartridge receiving devices (e.g., the car- 
tridge storage racks or magazines 16 and the cartridge 
read/write devices 18) may be located adjacent any car- 
tridge access side (e.g., 20, 22, and 24) of the cartridge 
handling system 12 in any of a wide variety of arrange- 
ments. For example, in one preferred embodiment, two 
cartridge storage racks or magazines 16 are located 
adjacent the first cartridge access side 20 of the car- 
tridge handling system 12, whereas another pair of 
magazines 16 are located adjacent the third cartridge 
access side 24. A pair of cartridge read/write devices or 
"drives- 18 are located adjacent the second cartridge 
access side 22 of the cartridge handling system 12. See 
Figure 1. Alternatively, a greater or lesser number of 
cartridge storage racks 1 6 could be provided, or the car- 
tridge read/write devices 18 could be located adjacent 
either or both of the first or third cartridge access sides 
20 and 24. 

[0029] The U-shaped arrangement of the cartridge 
storage magazines 16 and cartridge read/write devices 
18 just described and shown in Figure 1 for one pre- 
ferred embodiment allows the various cartridge storage 
racks or magazines 16 to be easily accessed by a user 
(not shown) from the cartridge access end 56 of the 
chassis or housing assembly 54. That is, the user may 
replace the various magazines 16 from time to time to 
provide different data cartridges 14 to the data storage 
system 10. Alternatively, of course, the various cartridge 
storage racks or magazines 16 and cartridge read/write 
devices 18 could be configured around the cartridge 
handling system 12 in any other convenient arrange- 
ment depending on the requirements of the particular 
application. 

[0030] Continuing now with the description, the details 
of the cartridge handling system 12 are best seen in 
Figures 2-4, with occasional reference to Rgure 1. 
Essentially, the cartridge handling system 12 comprises 
a generally rectangular structure or frame assembly 26 
that includes a lower or base plate 28, an upper or top 
plate 30, and a support structure 72. The support struc- 
ture 72 holds or positions the lower plate 28 and upper 
plate 30 in generally parallel, spaced-apart relation, as 
best seen in Figure 2. The frame assembly 26 defines a 
first cartridge access side 20, a second cartridge 
access side 22, and a third cartridge access side 24. 
The first and third cartridge access sides 20 and 24 are 
positioned in spaced-apart relation, whereas the sec- 
ond cartridge access side 22 is positioned generally 



transverse to the first and third cartridge access sides 
20 and 24 Accordingly, the three cartridge access sides 
20, 22, and 24 define a generally U-shaped configura- 
tion about which the various cartridge magazines 16 
5 and read/write devices 18 may be arranged. See Figure 
1. Alternatively, however, the various cartridge access 
sides 20, 22, and 24 could be arranged in other config- 
urations. 

[0031] For example, instead of being positioned at 

10 substantially right angles to one another, the various 
cartridge access sides 20, 22, and 24 could be posi- 
tioned so that they form oblique (i.e, non-perpendicular) 
angles with respect to one another, such as would be 
the case if the frame assembly 26 comprised a pentag- 

15 onal (5-sided) or hexagonal (6-sided) configuration. In 
still another alternative, the cartridge access sides 20, 
22, and 24 need not comprise straight segments, but 
could instead comprise curvilinear segments or por- 
tions, such as may be the case if the frame assembly 26 

20 were provided with a circular or semi-circular cross-sec- 
tion. Consequently, the present invention should not be 
regarded as limited to a frame assembly 26 having car- 
tridge access sides 20, 22, and 24 arranged according 
to the geometrical configurations shown and described 

25 herein. 

[0032] The lower plate 28 is best seen in Figures 3 
and 4 and may comprise a plate-like, generally rectan- 
gular member that includes a lower guide member or 
channel 32 therein. The lower guide member or channel 

30 32 may comprise a first elongate section 58 located 
adjacent the first cartridge access side 20 and a second 
elongate section 60 located adjacent the second car- 
tridge access side 22. The lower guide member or 
channel 32 may also include a third elongate section 62 

35 that is located adjacent the third cartridge access side 
24. The second elongate section 60 is joined to the first 
and third elongate sections 58 and 62 by respective 
rounded corner sections 64 and 66. Accordingly, the 
first, second, and third elongate sections 58, 60, and 62 

40 define a substantially continuous guide member 32 that 
extends along the three cartridge access sides 20, 22, 
and 24 of the cartridge handling system 12. 
[0033] The upper plate 30 is essentially identical to the 
lower plate 28 just described and may comprise a plate- 

45 like, generally rectangular member having an upper U- 
shaped guide member or channel 34 therein. The upper 
U-shaped guide member 34 may include first and third 
elongate sections 68 and 70 that are located adjacent 
the respective first and third cartridge access ends 20 

so and 24. See Figure 3. The upper guide member or 
channel 34 may also include a second elongate section 
(not shown) located adjacent the second cartridge 
access side 22. The second elongate section (not 
shown) of the upper guide member or channel 34 is 

55 connected to the first and third elongate sections 68 and 
70 by respective rounded corner sections (not shown) in 
a manner essentially identical to those of the lower 
guide member 32 in the lower plate 28. 
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[0034] The lower and upper plates 28 and 30 may be 
made from any of a wide range of materials, such as 
metals or plastics, suitable for the intended application. 
By way of example, in one preferred embodiment, the 
lower and upper plates 28 and 30 are molded as single 5 
pieces from a polycarbonate plastic material, although 
other materials could also be used. The lower and 
upper guide members or channels 32 and 34 formed 
within the lower and upper plates 28 and 30 may have 
any of a wide range of widths and depths suitable for the w 
intended application. In one preferred embodiment, 
both lower and upper guide channels 32 and 34 have 
widths of about 7.16 mm and depths of about 6.0 mm. 
[0035] The support structure 72 for holding the lower 
and upper plates 28 and 30 in essentially parallel, is 
spaced-apart relation may be made from any of a wide 
range of materials, such as metals or plastics, suitable 
for the intended application. In one preferred embodi- 
ment, the support structure 72 is fabricated from sheet 
metal and is secured to the lower and upper plates 28 20 
and 30 by any convenient fastener system or device 
(e.g., screws). 

[0036] The cartridge access device 36 is best seen in 
Figures 2 and 5 and may comprise a structure sized to 
receive the data cartridges 14 (Figure 1) used in the 25 
data storage system 10. The cartridge access device 36 
may also be provided with a cartridge engaging assem- 
bly or "picker" (not shown) suitable for loading and 
retrieving the data cartridges 14 to and from the partic- 
ular cartridge receiving device (e.g., cartridge storage 30 
rack 14 or cartridge read/write device 18) in which the 
data cartridge 14 is held. Examples of cartridge engag- 
ing assemblies or "pickers" suitable for use in the 
present invention are disclosed in the following U.S. pat- 
ents which are specifically incorporated by reference 35 
herein for all that they disclose: 4,998,232 entitled "Opti- 
cal Disk Handling Apparatus with Flip Latch;" 5,010,536 
entitled "Cartridge Handling System;" 5,014,255 enti- 
tled "Optical Disk Cartridge Handling Apparatus with 
Passive Cartridge Engagement Assembly;" and 40 
5,043,962 entitled "Cartridge Handling System." Alter- 
natively, any of a wide range of other types of cartridge 
engaging assemblies or pickers that are well-known in 
the art also may be used in the present invention. In any 
event, since such cartridge engaging assemblies or 45 
"pickers" are well-known in the art and are not neces- 
sary in understanding the present invention, the partic- 
ular cartridge engaging assembly utilized in one 
preferred embodiment of the invention will not be 
described in further detail. so 
[0037] Regardless of the particular type of style of car- 
tridge engaging assembly or "picker" that is utilized in 
the cartridge access device 36, the cartridge access 
device 36 may be mounted to the lower and upper U- 
shaped guide members 32 and 34 so that the cartridge ss 
access device 36 may be moved along the first, second 
and third cartridge access sides 20, 22, and 24 gener- 
ally following the U-shaped path 40. See Figure 1. More 



specifically, the cartridge access device 36 may be 
retained in the lower U-shaped guide member or chan- 
nel 32 by a pair of lower bushing members 74 and 76 
that extend from the bottom 78 of the cartridge access 
end 80 of the cartridge access device 36. In one pre- 
ferred embodiment, the lower bushing member 74 may 
be attached to a shaft 82 that may be mounted to the 
gear case cover (not shown) for the gear case housing 
23. Alternatively, other mounting arrangements could be 
used to attach the lower bushing member 74 to the car- 
tridge access device 36, as would be obvious to per- 
sons having ordinary skill in the art The lower bushing 
member 76 may be attached to the end of the lower pin- 
ion 48, in the manner best seen in Figure 5, or may even 
comprise an integral portion of the lower pinion 48. 
[0038] The top end 84 of the cartridge access device 
36 may be provided with a pair of upper bushing mem- 
bers 86 and 88 that are sized to be slidabiy received in 
the upper U-shaped guide member or channel 34. The 
upper bushing 86 may be mounted to the top end 84 of 
the cartridge access end 80 of cartridge access device 
36. The upper bushing 88 may be mounted to the end of 
the upper pinion 50, or may even comprise an integral 
portion of the upper pinion 50. The lower and upper 
bushings 74, 76, 86, and 88 guide the cartridge access 
device 36 along the lower and upper guide members 32 
and 34 associated with the lower and upper plates 28 
and 30. Finally, the bottom end 78 of cartridge access 
device 36 may be provided with a guide wheel 90 which 
contacts the lower plate 28 and supports the weight of 
the cartridge access device 36. See Figures 6 and 7. 
Optionally, the distal end 92 of the cartridge access 
device 36 also may be provided with a similar wheel 
arrangement (not shown) to support the distal end 92 of 
the cartridge access device 36. 
[0039] The lower and upper bushing members 74, 76, 
86, and 88 may be made from any of a wide range of 
materials, such as metals or plastics (e.g., brass or 
nylon), suitable for providing a low friction engagement 
with the respective lower and upper guide members or 
channels 32, 34 in the respective lower and upper 
plates 28 and 30. In one preferred embodiment the 
lower and upper bushing members 74, 76, 86, and 88 
are made from nylon and have diameters of about 7.01 
mm which provides 0.15 mm of clearance between the 
bushing members and the guide channels, which, as 
mentioned above, have widths of about 7.16 mm. 
[0040] As was briefly described above, the cartridge 
access device 36 is moved along the lower and upper 
guide members 32 and 34 by an actuator system 42, as 
best seen in Figures 3-7. In one preferred embodiment, 
the actuator system 42 may comprise a rack and pinion 
drive system having a substantially continuous lower 
gear rack 44 provided on the lower plate 28 at a position 
adjacent the lower U-shaped guide member or channel 
32. Similarly, a substantially continuous upper gear rack 
46 may be provided on the upper plate 30 at a position 
adjacent the upper U-shaped guide member or channel 
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34. Lower and upper drive pinions 48 and 50 (Figure 5) 
mounted to the cartridge access device 36 engage the 
respective lower and upper gear racks 44 and 46. The 
pinion drive assembly 52 mounted to the cartridge 
access device 36 rotates the lower and upper pinion 
gears 48 and 50 to move the cartridge access device 36 
back and fourth along the U-shaped path 40, as best 
seen in Figure 1 . 

[0041] Referring now specifically to Figures 3 and 4, 
the lower gear rack 44 may comprise first and second 
elongate sections 92 and 94 that are provided on the 
lower plate 28 adjacent the first and second elongate 
sections 58 and 60 of the tower guide member or chan- 
nel 32. A third elongate section 96 may be provided on 
the lower plate 28 at a position adjacent the third elon- 
gate section 62 of lower guide member 32. The second 
elongate section 94 of lower gear rack 44 may be joined 
to the first and third elongate sections 92 and 96 of 
lower gear rack 44 by respective rounded corner sec- 
tions 97, 98, as best seen in Figure 4. The lower gear 
rack 44 may therefore comprise a substantially continu- 
ous, U-shaped member that extends along substantially 
the entirety of the lower U-shaped guide member or 
channel 32, again as best seen in Figure 4. 
[0042] The upper gear rack 46 is essentially identical 
to the lower gear rack 44 just described and may include 
first and third elongate sections 91 and 95 that are pro- 
vided on the upper plate 30 at positions adjacent the 
respective first and third elongate sections 68 and 70 of 
the upper guide member or channel 34. A second elon- 
gate section 93 may be provided on the upper plate 30 
at a position adjacent the second elongate section (not 
shown) of upper guide member 34. The second elon- 
gate section 93 of upper gear rack 46 may be connected 
to the first and third elongate sections 91 and 95 of 
upper gear rack 46 by respective rounded corner sec- 
tions 89 and 99, as best seen in Figure 3. The upper 
gear rack 46 may therefore comprise a substantially 
continuous, U-shaped member that extends along sub- 
stantially the entirety of the upper U-shaped guide 
member or channel 34. 

[0043] The lower and upper gear racks 44 and 46 may 
be made from any of a wide variety of materials, such as 
metals or plastics, suitable for the intended application. 
By way of example, in one preferred embodiment 
wherein the lower and upper plates 28 and 30 are 
molded from a polycarbonate plastic material, the lower 
and upper gear racks 44 and 46 are provided as inte- 
grally molded portions of the lower and upper plates 28 
and 30 (i.e., the lower and upper gear racks 44 and 46 
comprise the polycarbonate plastic material). Alterna- 
tively, the lower and upper gear racks 44 and 46 may 
comprise separate components that are then fixedly 
attached to the lower and upper plates 28 and 30 by any 
of a wide range of fastening systems or devices (e.g., 
adhesives, screws, rivets, etc.). 
[0044] The lower and upper gear racks 44 and 46 may 
be provided with any convenient tooth pitch suitable for 



the intended application. In one preferred embodiment, 
the lower and upper gear racks 44 and 46 may have a 
tooth pitch of about 32 (teeth/inch), although other tooth 
pitches may also be used. 

5 [0045] Referring now to Figure 5, the cartridge access 
device 36 may be provided with lower and upper pinion 
gears 48 and 50 which engage the lower and upper 
gear racks 44 and 46, respectively. The lower and upper 
pinion gears 48 and 50 may be mounted to a drive shaft 

io assembly 15 which may be journalled for rotation in the 
cartridge access device 36. By way of example, in one 
preferred embodiment, the upper end 17 of drive shaft 
assembly 15 is journalled for rotation in an upper bear- 
ing member 19. The tower end 21 of drive shaft 15 may 

15 be journalled for rotation in the gear case cover (not 
shown) for gear case housing 23. Alternatively, other 
mounting arrangements are possible, as would be obvi- 
ous to persons having ordinary skill in the art. 
[0046] As was described above, the lower and upper 

20 bushings 76 and 88 may be mounted to the ends of the 
respective lower and upper pinion gears 48 and 50. 
Alternatively, the lower and upper bushings 76 and 88 
may be mounted directly to the upper and lower ends 1 7 
and 21 of drive shaft assembly 15. 

25 [0047] The lower and upper drive pinions 48 and 50 
are driven by a pinion drive assembly 52 that may be 
mounted to the cartridge access device 36. Referring 
now primarily to Figures 5-7, the pinion drive assembly 
52 may comprise a motor 25 and a reduction gear 

30 assembly 27 mounted within gearbox housing 23. The 
reduction gear assembly 27 may comprise one or more 
spur gears for reducing the speed of the motor 25. The 
drive shaft assembly 15 may be operatively connected 
to the output pinion 29 of reduction gear assembly 27 by 

35 a face gear 31. Alternatively, other types of right angle 
gear arrangements may be used. 
[0048] In one preferred embodiment, the reduction 
gear assembly 27 may be provided with a encoder sys- 
tem (not shown) to monitor the angular position of a 

<o selected gear in the reduction gear assembly 27. The 
angular position of the selected gear provided by the 
encoder system (not shown) may be used by the control 
system (not shown) to derive information about the 
position, velocity, and acceleration of the cartridge 

45 access device 36. However, since such encoder sys- 
tems are well-known in the art and could be easily pro- 
vided by persons having ordinary skill in the art after 
having become familiar with the teachings of the 
present invention, the particular encoder system utilized 

so in one preferred embodiment of the present invention 
will not be described in further detail. 
[0049] The reduction gear assembly 27 may comprise 
any of a wide variety of gear reduction systems, such as 
spur gear reduction systems, well-known in the art. 

55 Alternatively, a worm gear reduction system (not shown) 
could also be used. The motor 25 may comprise a per- 
manent magnet d.c. motor, such as type RS-385PH, 
available from Mabuchi Motor Corp. of China. Alterna- 



8 



15 



EP 0 944 077 A1 



16 



tively, other types of motors may be provided. Of course, 
the characteristics of the particular type of motor that is 
selected will determine the reduction ratio that is pro- 
vided by the reduction gear assembly 27. In one pre- 
ferred embodiment, the reduction gear assembly 27 
provides a reduction ratio of about 12:1, although other 
reduction ratios may be used. 
[0050] In an alternative embodiment, other types of 
actuator systems 42 may be used to move the cartridge 
access device 36 along the lower and upper guide 
members or channels 32 and 34. For example, a chain 
or belt drive arrangement could be used to connect the 
motor 25 and the cartridge access device 36 to move 
the cartridge access device along the lower and upper 
guide members or channels 32 and 34. In yet another 
arrangement, a wire rope or "cable" and pulley arrange- 
ment may be used to connect the cartridge access 
device 36 to the motor 25. 

[0051 ] As was mentioned above, the data storage sys- 
tem 10 may be provided with a control system (not 
shown) suitable for controlling, among other things, the 
actuator system 42 associated with the cartridge han- 
dling system 12. For example, such a control system 
would operate the actuator system 42 to move the car- 
tridge access device 36 along the U-shaped path 40 
(Figure 1) so that the cartridge access device 36 may 
access the desired data cartridge 1 4 from either the car- 
tridge storage rack or magazine 16 or the cartridge 
read/write device 18, as the case may be. However, 
since such control systems are well-known in the art 
and could be readily provided by persons having ordi- 
nary skill in the art, the particular control system used to 
control the operation of the actuator system 42 will not 
be described in further detail herein. 
[0052] The data storage system 10 invention may be 
used to transfer a plurality of data cartridges 14 
between the cartridge storage racks or magazines 16 
and the cartridge read/write devices 18. For example, 
the data storage system 1 0 may be used by a computer 
system (not shown), or other data processing system, to 
store and access data contained in the data cartridges 
1 4. If the computer system (not shown) issues a request 
for data stored on a particular data cartridge 14, the 
control system (not shown) associated with the data 
storage system 10 operates the actuator system 42 on 
the cartridge access device 36 as necessary to move 
the cartridge access device 36 along the U-shaped path 
40 until the cartridge access end 80 of the cartridge 
access device 36 is located adjacent the appropriate 
data cartridge 14. 

[0053] For example, if the desired data cartridge 1 4 is 
stored in one of the cartridge storage racks or maga- 
zines 16, then the actuator system 42 moves the car- 
tridge access device 36 until the cartridge access end 
80 is directly opposite the selected data cartridge 14. 
The cartridge engaging device or "picker" (not shown) 
associated with the cartridge access device 36 then 
engages the data cartridge 14 and draws it into the car- 



tridge access device 36. Once the data cartridge 14 has 
been completely drawn into the cartridge access device 
36, the actuator system 42 actuates the pinion drive 
assembly 52 as necessary to move the cartridge 

5 access device 36 to the desired cartridge read/write 
device 18. Once properly positioned adjacent the 
desired cartridge read/write device 18, the cartridge 
picker (not shown) loads the data cartridge 14 into the 
cartridge read/write device 18. The computer system 

10 (not shown) may then access the data on the data car- 
tridge 14 in the conventional manner. 
[0054] When the data cartridge 14 is no longer 
needed, the control system (not shown) would then 
move the cartridge access device 36 along the U- 

15 shaped path 40 to position the cartridge access end 80 
of the cartridge access device 36 opposite the cartridge 
read/write device 1 8 (if the cartridge access device 36 is 
not already located in the appropriate position). There- 
after, the cartridge picker (not shown) may retrieve the 

20 data cartridge 14 from the cartridge read/write device 
18. The cartridge access device 36 may then return the 
data cartridge 14 to its appropriate location in the car- 
tridge storage racks or magazines 16. 
[0055] It is contemplated that the inventive concepts 

25 herein described may be variously otherwise embodied 
and it is intended that the appended claims be con- 
strued to include alternative embodiments of the inven- 
tion except insofar as limited by the prior art. 

30 Claims 

1. A cartridge handling system (12) for storing and 
accessing at least one data cartridge (14), compris- 
ing: 

35 

a frame (26) having a first cartridge access 
side (20) and a second cartridge access side 
(22); 

a guide member (32) associated with said 

40 frame (26), said guide member (32) comprising 

a first section (58) located adjacent the first car- 
tridge access side (20) of said frame (26) and a 
second section (60) located adjacent the sec- 
ond cartridge access side (22) of said frame 

45 (26), the first and second sections (58, 60) of 

said guide member (32) being connected so 
that said guide member (32) comprises a sub- 
stantially continuous member; 
a cartridge access device (36) having a car- 

50 tridge access end (80), said cartridge access 

device (36) engaging said guide member (32) 
so that the cartridge access end (80) is adja- 
cent the first cartridge access side (20) when 
said cartridge access device (36) is located on 

55 the first section (58) of said guide member (32) 

and so that the cartridge access end (80) is 
adjacent the second cartridge access side (22) 
when said cartridge access device (36) is 
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located on the second section (60) of said 
guide member (32); and 
an actuator system (42) operatively associated 
with said cartridge access device (36) for mov- 
ing said cartridge access device (36) along s 
said guide member (32). 

2. The cartridge handling system (12) of claim 1, 
wherein said guide member (32) further comprises 

a third section (62) connected to the second section to 
(60) of said guide member (32). 

3. The cartridge handling system (12) of claim 2, 
wherein the first and third sections (58, 62) of said 
guide member (32) are located in spaced-apart is 
relation and wherein the second section (60) of said 
guide member (32) is oriented substantially trans- 
verse to the first and third sections (58, 62) so that 
said guide member (32) comprises a substantially 
U-shaped member. 20 

4. The cartridge handling system (12) of claim 3, 
wherein said actuator system (42) comprises: 

a substantially continuous gear rack (44) hav- 25 
ing a first section (92), a second section (94), 
and a third section (96), wherein the first sec- 
tion (92) of said gear rack (44) is positioned 
adjacent the first section (58) of said guide 
member (32), the second section (94) of said 30 
gear rack (44) is positioned adjacent the sec- 
ond section (60) of said guide member (32), 
and the third section (96) of said gear rack (44) 
is positioned adjacent the third section (62) of 
said guide member (32); 35 
a pinion gear (48) mounted for rotation on said 
cartridge access device (36), said pinion gear 
(48) engaging said gear rack (44); and 
a motor (25) operatively connected to said pin- 
ion gear (48) for rotating said pinion gear (48) 40 
to cause said cartridge access device (36) to 
move along said guide member (32). 



8. A data storage system (10), comprising: 

a frame (26) having a first cartridge access 
side (20) and a second cartridge access side 
(22); 

a first cartridge storage rack (16) positioned 
adjacent the first cartridge access side (20) of 
said frame (26), said first cartridge storage rack 
(20) being adapted to hold at least one data 
cartridge (14); 

a cartridge read/write device (18) positioned 
adjacent the second cartridge access side (22) 
of said frame (26); 

a guide member (32) associated with said 
frame (26), said guide member (32) comprising 
a first section (58) located adjacent the first car- 
tridge access side (20) of said frame (26) and a 
second section (60) located adjacent the sec- 
ond cartridge access side (22) of said frame 
(26), the first and second sections (58, 60) of 
said guide member (32) being connected so 
that said guide member (32) comprises a sub- 
stantially continuous member; 
a cartridge access device (36) having a car- 
tridge access end (80), said cartridge access 
device (36) engaging said guide member (32) 
so that the cartridge access end (80) faces said 
first cartridge storage rack (16) when said car- 
tridge access device (36) is located on the first 
section (58) of said guide member (32) and 
faces said cartridge read/write device (18) 
when said cartridge access device (36) is 
located on the second section (60) of said 
guide member (32); and 
an actuator system (42) operatively associated 
with said cartridge access device (36) for mov- 
ing said cartridge access device (36) along 
said guide member (32). 

9. A cartridge handling system (12) for storing and 
accessing at least one data cartridge (1 4), compris- 
ing: 



5. The cartridge handling system (12) of claim 1, 
wherein said guide member (32) comprises a chan- 45 
nel and wherein sard cartridge access device (36) 
includes a bearing member (76) that engages said 
channel. 

6. The cartridge handling system (12) of claim 1, so 
wherein the data cartridge (14) is located adjacent 
the first cartridge access side (20) of said frame 
(26). 

7. The cartridge handling system (12) of claim 6, fur- 55 
ther comprising a cartridge read/write device (18) 
located adjacent the second cartridge access side 
(22) of said frame (26). 



a frame (26) having a cartridge access side 
(20); 

a guide member (32) associated with said 
frame (26), said guide member (32) comprising 
a substantially continuous section (58) located 
adjacent the cartridge access side (20) of said 
frame (26); 

a cartridge access device (36) having a car- 
tridge access end (80), said cartridge access 
device (36) engaging said guide member (32) 
so that the cartridge access end (80) is adja- 
cent the cartridge access side (80); and 
a rack and pinion drive system (44, 52) opera- 
tively associated with said cartridge access 
device (32) for moving said cartridge access 
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device (36) along said guide member (32). 

10. A cartridge handling system (12) for storing and 
accessing at least one data cartridge (14), compris- 
ing: 5 

a frame (26) having a cartridge access side 
(80); 

a guide member (32) associated with said 
frame (26), said guide member (32) comprising 10 
a substantially continuous section (58) located 
adjacent the cartridge access side (20) of said 
frame (26); 

a cartridge access device (36) having a car- 
tridge access end (80), said cartridge access is 
device (36) engaging said guide member (32) 
so that the cartridge access end (80) is adja- 
cent the cartridge access side (20); and 
an actuator system (42) operatively associated 
with said cartridge access device (36) for mov- 20 
ing said cartridge access device (36) along 
said guide member (32). 
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